(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 254 673 A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) int ci 7: A61L 31/08, A61L 31/14, 




06.11.2002 Bulletin 2002/45 


A61L 31/16, A61L 33/00 


(21) 


Application number: 01131051.3 




(22) 


Date of filing: 31.12.2001 




(84) 


Designated Contracting States: 


(72) Inventor: Alt, Eckhard Dr. 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


85521 Ottobrunn (DE) 




MC NLPTSETR 




Designated Extension States: 


(74) Representative: 




AL LT LV MK RO SI 


Haft, von Puttkamer, Berngruber, Czybulka 






Patentanwalte 


(30) 


Priority: 02.05.2001 US 847626 


Franzlskanerstrasse 38 




12.10.2001 EP 01124528 


81669 Munchen (DE) 


(71) 


Applicant: InFlow Dynamics, Inc. 






Springfield, Virginia 22151 (US) 





(54) I mmu no-tolerant stent with surface microstructure 



(57) The current concept aims towards to modify the 
immuno response by inducing a immuno tolerance with 
two factors: 1 . Modifying the stent su rface with a surface 
characteristic in a range of 1 - 5 n, that is considered to 
be not foreign for the body and 2. to add small traces to 
immuno suppressant drug. With this concept the wound 



healing is facilitated without suppressing the normal 
wound-healing but the prolonged re-stenotic prolifera- 
tion is avoided. Only small traces of an immuno sup- 
pressant drug locally are required, preferably the drug 
is applied without a carrier to the surfaces. The use of 
a biodegradable or non-biodegradable is feasible as 
well. 
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Description 

[0001 ] The invention refers to a stent according to the 
preamble of claim 1 . 

[0002] Stents are widely used to support a lumen in 
the human body, especially the lumen of a coronary ar- 
tery. 

[0003] The problem of coronary restenosis has been 
one of the major challenges for modern interventional 
cardiology. 

[0004] Despite major progress in stent design, stent 
technology, flexibility, delivery systems and other means 
to improve the technique of coronary stenting, coronary 
restenosis still is of concern. Roughly 25% of all patients 
which receive an intervention in their vascular bed re- 
ceive an implant and suffer a restenosis, which means 
that more than 50% of the initial lumen gain are lost in 
the follow-up between 6 weeks and 6 months. 
[0005] A wide range of solutions have been proposed 
including a modification of the stent surface by iridiu- 
moxide or the coating of the stent surface with biode- 
gradable or non-biodegradable coatings. It has been 
proposed to provide the stent surface with a coating of 
an immuno suppressing drug, namely 'Tacrolimus", 
which prevents or at least reduces the immuno-re- 
sponse by a modification of the immuno-response of the 
body. These drugs are otherwise used to suppress the 
rejection of transplants in the human body. In addition, 
recent research has shown, that a rough stent surface 
may be advantageous to prevent restenosis. However, 
precise predictions and results could not be achieved 
as yet. 

[0006] It is an object of the present invention to pro- 
pose a stent, which maximizes the benefit as far as the 
immuno-reaction by the body against the implanted for- 
eign body is concerned. 

[0007] This object is solved by the features of claim 1 . 
[0008] Further embodiments and advantages of the 
invention are disclosed in the subclaims. 
[0009] The solution is, to minimize the surface recog- 
nition of the stent as an implanted foreign bod by creat- 
ing a stent surface, which is more immuno tolerant than 
a smooth or generally rough surface. It has shown, that 
the stent restenosis primarily is a foreign body recogni- 
tion with concomitant inflammatory reaction against the 
implanted foreign body, very similar to the rejection of a 
transplanted organ with a foreign body surface to the 
body. This reaction primarily is brought forward by 
T- Lymphocytes. These Lymphocytes attack anything 
which is determined to be foreign and a release of Cy- 
tokines is affected following this recognition. 
[0010] It could be shown, that the reaction to a trans- 
planted foreign body is minimized, if a certain stent sur- 
face structure can be achieved which mimics the sur- 
face structure of the patient's own cells. By applying a 
surface structure of the stent having microstructures 
with lateral dimensions in the range of o.5 to 5 microm- 
eters (urn) and espaecially 1 to 3 urn roughness, the 



body is blinded towards the foreign body and by surface 
characterization and immuno tolerance is induced. 
[0011] This is absolutely in contrary to the current 
opinion that a stent surface should be smooth in order 
5 to be well tolerated by the human body. The experiment, 
that has been conducted at applicants research lab, has 
shown, that especially a structure with an inert material, 
such as iridiumoxide, niobiumoxide, titanium nitrate or 
other very inert ceramic-like structures, suppress this 
immuno-reaction. 

[0012] In addition, small traces of the immuno modu- 
lating drug •Tacrolimus" or "Sirolimus" enhance the ac- 
tion towards a suppressed immuno reaction. 
[0013] The consequences of this blinding of the im- 
muno response by especially two factors, surface mod- 
ification and in addition the adding of small traces of an 
immuno suppressing drug without any systemic effect, 
promote the healing of the stent without suppressing the 
proliferation of smooth muscle cells. 
[0014] A problem of all currently proposed concepts 
with drugs was the assumption that only the inhibition 
of the proliferation would be sufficient to suppress rest- 
enosis. In contrary thereto, the aim of this invention is 
to allow the proliferation of smooth muscle cells to the 
same degree as they normally would proliferate, but 
suppress the continuous overshooting proliferation that 
goes beyond the wound healing. This overshooting pro- 
liferation is responsible for the restenosis and is based 
on an inflammatory response toward the foreign body 
which is recognized by the T-cell system. 
[001 5] The combined approach of blinding the recog- 
nition of the implanted foreign body by grading a struc- 
ture in a range of 1 to 5}xm, especially 1 to 3u.m, by ad- 
ditionally using material that has very inert surface prop- 
erties, has no release of toxic substances, has a positive 
surface charge in the range 30 to 50 dynes/cm (g x cm 
x s" 2 /cm), which reduces fibrinogen adhesion, that also 
diminishes the inflammatory reaction towards the re- 
lease of metallic salts from otherwise stainless steel, 
which is especially avoided by an inert ceramic-like 
structure, all these factors contribute to the diminished 
immuno response. 

[0016] The additional application of an immuno sup- 
pressive drug such as Sirolimus or Tacrolimus helps to 
overcome the still ?, but very weak inflammatory re- 
sponse toward such an implanted foreign body, which 
is not only due to the surface recognition, but also to the 
mechanical trauma which is brought forward by the im- 
plantation of the stent. 

[0017] The application of the immuno drug can be ef- 
fected ether by dipping the stent in a solution of the drug. 
For example, 40 mg Tacrolimus are dissolved in 6 ml of 
Chloroform or Ethylacetate and on the stent surface 
soaked by adhesion forces and by capillary forces the 
drug into the surface coating. The stent is taken out of 
the solution and the solvent evaporates following the 
high pressure of the dissolved chloroform into the am- 
bient atmosphere rapidly. The consequence is, that de- 
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pendent on the initial concentration small traces of the 
drug are bound to the surface and soaked into the net- 
work, the grooves and the capillaries of the rough sur- 
face structure of the stent. 

[0018] Thereby, the surface modification of the stent 
serves two purposes: 

1 . It blinds the recognition of the stent surface as a 
foreign body and 

2. it facilitates and helps to retain traces in a range 
of 5 - 50 u.g of immuno drug on the surface structure 
of the stent. 

[0019] In addition the application of the drug by means 
of a biodegradable or non-biodegradable carrier can be 
done as well. So drugs had been described previously 
and are consisting of ether biodegradable such as poly- 
lactic acid or non-biodegrable or non-erodable polymers 
such as polyurethane, polyvinyl acetate or other. 
[0020] Further details and advantages of the present 
invention are disclosed in the following description in 
connection with the annexed drawings, in which. 

Fig. 1 is a perspective partial view of a stent accord- 
ing to the invention; 

Fig. 2 is a schematic view of a part D of the surface 
of the stent: and 

Fig. 3 is a section according to line III - III in Fig. 2. 

[0021] Fig. 1 shows a part of a stent 10 in form of a 
small tube 20 preferably made of a niob-zirconium alloy 
which has two open ends (one is shown at 24) and a lot 
of openings 26 in the wall of the tube 20, so that the 
stent may be crimped on an angioplasty balloon (not 
shon) and deployed by the balloon on a treatment site 
for example in a coronary artery from its shown first 
small diameter to a second greater diameter so that the 
outer surface of the stent is in contact with the inner wall 
surface of the artery. Many designs of the stent are pos- 
sible and well known in the state of the art; for the in- 
vention the configuration of the stent is not relevant. 
[0022] The outer surface of the stent 10 is modified 
and provided with small protrusions or microstructures 
28 as shown in Figs. 2 and 3 for a small region D de- 
picted in Fig. 1. These microstructures have a lateral 
extension d in the range of 0.5 to 5 micrometers, pref- 
erably in the range of 1 to 3 micrometers. The spacing 
e between adjacent microstructures is in the same 
range as schematically shown in Fig. 3. The height h of 
the microstructures between the peak of a microstruc- 
ture and the valley adjacent to a next microstructure may 
have a lower value and lie in the range of 0.5 to 2 mi- 
crometers. 

[0023] The microstructures 28 may be a coating 30 of 
a ceramic-like material such as iridiumoxide, which may 



be deposited on the surface of the surface of the stent 
by means of plasma or chemical vapour deposition or 
the like. 

[0024] The microstructures 28 may have the form of 
5 microspheres or parts thereof; the surface of the micro- 
structures may not be smooth and be provided with 
grooves or furrows 32 depending on the manufacturing 
process. 

[0025] The stent is then dipped into a solution of an 
immuno suppressing drug, for example "Tacrolimus" or 
"Sirolimus", and a solvent such as chloroform, so that 
the solution covers the surface of the stent, partially by 
capillary forces in the region of the grooves 32. The stent 
is then more or less covered by a coating 34 of the im- 
muno suppressing drug. 



Claims 

1. A stent for implantation in a lumen of the human 
body, the stent being expandable from a first small 
diameter to a second greater diameter, at which the 
stent is in contact with the inner surface of the lumen 
to hold the lumen open, whereby the stent is pro- 
vided with a rough outer surface, characterised in 
that the surface of the stent is realised by micro- 
structures separated from each other and having 
lateral dimensions in the range of 0.5 to 5 microm- 
eters, whereby the recognition of the stent as an im- 
planted foreign body is reduced. 

2. Stent according to claim 1 , characterised in that 

the lateral dimensions of the microstructures are in 
the range of 1 to 3 micrometers. 

3. Stent according to claim 1 or 2, characterised in 
that the lateral distance between the microstruc- 
tures from each other is in the range of 0.5 to 5 mi- 
crometers, especially 1 to 3 micrometers. 

4. Stent according to one of the preceding claims, 
characterised in that the distance between the 
peaks and the valleys of adjacent microstructures 
is in the range of 0.5 to 5 micrometers, especially 
0.5 to 2 micrometers. 

5. Stent according to one of the preceding claims, 
characterised in that the surface structure of the 
stent is inert and releases no toxic substances. 

6. Stent according to one of the preceding claims, 
characterised in that the surface structure of the 
stent has a surface charge in the range of 30 - 50 
dynes/cm (g x cm x s _2 /cm). 

7. Stent according to one of the preceding claims, 
characterised in that the stent is additionally pro- 
vided with an immuno suppressing drug to treat the 
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inner surface of the lumen and to prevent an immu- 
no reaction thereof. 

8. Stent according to claim 7, characterised in that 

the immuno suppressing drug is dissolved in a sol- 5 
vent and applied to the roughened surface of the 
stent by the capillary forces of the surface structure 
of the stent. 

9. Stent according to claim 7, characterised In that 10 
the immuno suppressing drug adheres on the sur- 
face of the stent following the capillary forces with- 
out using a carrier. 

10. Stent according to one of claims 7 to 9, character- is 
ised in that the addition of the immuno suppressing 
drug is realised by using the capillaries and grooves 

of the surface structure of the stent to retain the im- 
muno suppressing drug on said surface. 

20 

1 1 . Stent according to one of the preceding claims 7 to 

10, characterised in that the drug is able to sup- 
press an immuno reaction or response interacting 
with the T-cells of the human body. 

25 

12. Stent according to one of the preceding claims 7 to 

11 , characterised in that the immuno suppressing 
drug is sirolimus 

13. Stent according to one of the preceding claims 7 to 30 
11 , characterised in that the immuno suppressing 
drug is tacrolimus. 

14. Stent according to one of the preceding claims, 
characterised in that the surface of the stent mod- 35 
ified by the microstructures is made of iridiumoxide. 

15. Stent according to one of the preceding claims 1 to 
13, characterised in that the surface of the stent 
modified by the microstructures is made of niobiu- 40 
moxide. 

16. Stent according to one of the preceding claims 1 to 
13, characterised in that the surface of the stent 
modified by the microstructures is made of Titani- 45 
urn nitrate. 
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